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ABSTRACT

The New Brunswick Laboratory (NBL) was founded in 1949 by the U.S. Atemécgy
Commission to assist in the development of uranium (and in 1959 plutcanatyjical
measurement methods. Over the years, the labgraémeloped expertise and analyticadthods
relating to many aspects of the nuclear fuel cycle and weapons materials. The NationabBureau
Standards (reamed NIST) served (as NIST still serves) as the nateource foStandard
Reference MateriallSRMs) and is the certifying authority and the national metrology instdute
the United States. Beginning in the early 185the need for uranium and then plutonprmmary
reference materials became apparent. NBS, NBL and various AEC laboratdebsredédn
identifying reference materials needs, procuring base materials, developing the netessmal
and handling techniques, studying chemical forms for suitability and storage as refesiarcas,
and certifying the chemical and physicabperties of the produced SRMs. Beginnin@ %56,
there were a series of communications between the AEC and NBS identifying nefelesrce
materials needs and priorities, including a plutonium isotopic standard. The first plutsoiopic
standard prduced was SRM 948, which was of weapgrede isotopic compositiomAs
commerciakeactorsaandfuel reprocessingevelopedhroughthe early19603s, the needfor two

new isotopic materials containing higher amount&'®fu became apparent. This need lestie
certification of SRMs 946 and 947. This report compiles the information and data reglaeding
production and certification of the three plutonium isotopic reference materials, and diptarsses
for the future of these and otheaterials.

INTRO DUCTION

The information in this report came from the New Brunswick Laboratory (NR&f¢rence
Materials Program files. Most of the documents cited in this report were transferred thuNBi
the 198@s fromthe National Bureau of Standards (NBS), now NI&hen the nucleaeference
material program was transferred from NBS to NBL. Some information camepftrolicly-
availablereports.

The three plutonium isotopic reference materials discussed in this report were originallyoyamed
NBS asSRM& 946,947 and948andwerere-namedC R M 136,137and138in the1980s when

NBS formally transferred nuclear reference materials responsibilities and stocks torN&ie
materials are still available for sale from NBL and corresgsnd

SRM 946 = CRML36
SRM947 = CRM137
SRM 948 = CRML38

SRMs 946 and 947 share a common history in that they came from similar foanseercial
power reactor spent fuel) and were processed, purified, manipulated and certfsseyally
identical methods at the same fagiht roughly the same time as part of a single effgoréaluce
two plutonium isotopic reference materials. SRM 948dates the other two materilyg
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approximately 5 years, and likely originated in a different manner, although margpobtiessing
steps were likely similar or identical since all three are plutonium sulfate tetrahydtaieals.

There is much more surviving information on the origimd processing of SR 946 and 94than
for 948. A chronological listing ahformation taken from the NBL/NBS files follows tesemmary
sectionbelow.

SUMMARY DATA FOR SRMs 946, 947 and948

A. The SRM 946 plutonium came from reprocessed fuel from the Yankee Afbecicic

Company reactor located in Rowe, Massachusetts. The resda 167 MW pressurizedater
reactor which began operation in 1960. The sfiggitreprocessing likely took place at thaclear
Fuel Service (NFS) West Valley, NY reprocessing plant sometime in the latés1@6lzingthe
PUREX process. A plutoniusolution from NFS was transferred to Richland, Washingtah
converted to lowfired oxide for intermediate storage. As part of a project to prasivce

plutonium isotopic standards (the other being SRM 947), the oxide was dissolved, ion exelsanged
thenitrate form sometime between March and April 1970 to remove americiuimpndties,
converted to sulfate, and formed into plutonium sulfate tetrahydrate crystals. Literaturetoelated
agedating plutonium suggests that the ion exchange, while perloapsiantitative, left onlyraces
of americium. The provisional certificate values of 1971 (see below) were officially adopied in
NBS Certificate of Analysis dated August 18, 1982 with values valid as of January 1,TI882.
provisional atom percent kees below were decayed to January 1, 1982 using thévesfisted

on the 1982 Certificate &nalysis.

SRM 946 Provisional Certificate (values valid as of Oct 19, 1971) dated Ded 971

SRM 946 238 239 240 241 242
Atom %: 0.247 83.128 12.069 3.991 0.565
95% CI: 0.007 0.015 0.015 0.005 0.003

Weight %: 0.246 83.052 12.109 4.021 0.572

There were impurity measurements made on both the originating oxides and the nelsidtaiom
sulfate tetrahydrate materials. The results are summadneted.

Impurity Measurements on the Yankee Oxide (SRM 946 baseaterial):

PuAssay: 86.42%Pu

C: 225ug/g
Fe: 95 ug/g
Ca: 20ug/g

Note: The Pu assay value was not corrected. The chemical assay was perfodréesén
There is no othanformation on the Yankee oxiageeasurements.
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Impurity Measurements of SRM 946 as Pu Sulfat@etrahydrate
(DC Arc on two 100 mg samples by 8 mm Crater; 1®ifhland):

Element € g/ g| Element €gl/ ¢
Ag n.d. Li n.d.
Al <2 Mg <5
As n.d. Mn n.d.
B n.d. Mo n.d.
Ba n.d. Na 7
Be n.d. Ni <10
Bi n.d. P n.d.
Ca <1 Pb 5
Cd n.d. Sb n.d.
Co n.d. Si <5
Cr <0.5 Sn 5
Cu 2 TI n.d.
Fe <10 Vv <20
In <1l Zn <50
K n.d.

n.d. = notdetected.

B. The SRM 947 plutonium came from reprocessed fuel fronCimamonwealth EdisoDresden
reactor #1 located near Morris,ifibis. The reactor was a 200 MWiling water reactor anoh

July 4, 1960 became the first operating commercial reactor. Thefsieéntprocessing likeliook
place at the Nuclear Fuel Sewic We st Vall ey plant soméhei me in t
PUREX process. The solution was transferred to Richland, Washington and convienediried
oxide for intermediate storage. As part of a project to produce two plutonium isstapiards

(the other being SRM 946), the oxide was dissolved, ion exchanged in the nitrate $mptember
1970 to remove americium and impurities, converted to sulfate, and formed into plusoifiate
tetrahydrate crystals. Literature related to-dgéng plubnium suggests that the ierchange,

while perhaps not quantitative, left only traces of americium. The provisional certificate afalues
1971 (see below) were officially adopted in the NBS Certificate of Analysis dated Auga9828,
with values valid a of January 1, 1982. The provisional atom percent values belowdeeaged

to January 1, 1982 for the final NBS Certificate of Analysis dated 1982, using tHéslfsted

on the 198Zertificate.

SRM 947 Provisional Certificate (values valid as oDct 13, 1971) dated Dec 3,971

SRM 947 238 239 240 241 242
Atom %: 0.296 75.696 18.288 4.540 1.180
95% CI: 0.006 0.022 0.022 0.006 0.004

Weight %: 0.294 75.600 18.341 4.572 1.193

There were impurity measurements made on both the origir@atidgs and the resultaplutonium
sulfate tetrahydrate materials. The results are summadreted.
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Impurity Measurements on the Dresden Oxide (SRM 947 basweaterial):

PuAssay: 86.43%Pu
Ca: 5 ppm
Mo: 1 ppm
Note: Pu assay nabrrected for bias. Analyzed for chemical assa9-a4-68.

Impurity Measurements of SRM 947 as Pu Sulfat&etrahydrate
(DC Arc on two 100 mg samples by 8 mm Crater; February 27, E3giland):

Element € g/ g| Element eql g
Ag 0.1. Li n.d.
Al <2 Mg <5
As n.d. Mn n.d.
B n.d. Mo n.d.
Ba n.d. Na 6
Be n.d. Ni <10
Bi n.d. P n.d.
Ca 5 Pb 3.5
Cd n.d. Sb n.d.
Co <10. Si <5
Cr <2.5 Sn 7.5
Cu 2 TI n.d.
Fe <10 \Y <20
In n.d. Zn <50
K n.d.

C. SRM 948 came from an unknown source, likely a Hanfoiflawannah River reactor used
produce weapons grade plutonium, at an unknown tiigsdikely the SRM was convertéom
high-purity metal to the sulfate tetrahydrate form sometime in 1963, and the bottlicgnvaketed
in early 1964. The originalertification measurements (including a nine laboratuey-
comparison) did not include FAB8. The final NBS certified isotopic values are giasn

Certificate of Analysis for SRM 948 (values valid for July 12, 1966) dated Aug 8966:

SRM 948 238 239 240 241 242
Atom %: 0.011 91.471 7.911 0.628 0.0330
95% CI: 0.002 0.010 0.010 0.002 0.0003

Weight %: 0.011 91.382 7.941 0.633 0.0334

At the time of bottling at NBL, each microbottle contained 526 mg + 5 mg of plutasulfate
tetrahydrate.

DOCUMENTARY DATA ON THE PLUTONIUM ISOTOPIC STANDARDS

SRM 948

The earliest mention of the need for plutonium isotopic standards is in a séetsrefoetween
the AEC and NBS dating from 1956. There is evidence of a number of stuthesli®631964
timeframe to decide on a suitable chemical form for a plutonium isattgnidard, including
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investigation of the stabilities/stoichiometries of a sulfate, sulfate tetrahydratelmedium
tetrachloride double salt. The sulfate tetrahydrate was chesantably stable tprovide for long
term storage and use as an isotgpandards.

There was an effort to characterize the isotopic composition of the wegraalesmaterig]SRM

948) by interlaboratory exercise. There is a Dec 22, 1964 letter froAEGdo NBSindicating

that the production of SRM 948 was a joint ARBS effort with a start date of Septemt&63.

Il n this | etter, there is a mention thatnot he ma
other information on the origin oféhmaterial. All of the certificates in the records statettiet

materi al Awas -puritenpetalbyehe Nefw Brumawidikiagolo r at or y o .

The records contain data from 9 labs reporting Pu isotopic data w/ decayed values agparently

June 1, 1964The labs were: NBS; DuPonSavannah River; Do Rocky Flats; GE Hanford;

Los Alamos Scientific Laboratory; NBL; GEKnolls Atomic Power Lab; Argonne Nationzb;

Euratom (no specific lab identified). The average values for the material were deépatable

|l i sted as ASummary of First Repomsted Values PI

SRM 9438 239 240 241 242
Atom % Avg: | 91.3946| 7.8829 | 0.6896 | 0.0330
1sigma:| 0.044 0.039 0.0046 | 0.0022

No Pu238 values were measured. It doesapyear that the multiple laboratory data was fised
certification measurements, but rathevesfication.

In 1964, NBS issued a provisional certificate of analysis with the following dat@aded

Provisional certification for SRM 948 (values validJune 1, 1964); dated Aug 71964

SRM 948 239 240 241 242
Atom %: 91.365 7.907 0.695 0.0330
95% CI: 0.010 0.010 0.002 0.0003

It appears there were five samples analyzed to yield the provisional values, and theseifiezte
via ion exchange in theitrate form between June 4 and June 10, 1964 prior tospasgometric
analysis at NBS. It appears there were also measurements made earlier, on April 28tH&64,

Am separation, which yielded significantly differéftPu/*Pu ratios. The maspectrometrist
(believed to be W. Shields) reportedinfap r i | 19 6 4 AyPufioatioismkamingkess

becausethe Afthas not been r e m&PedPd ratiombasurementrigéd 19 6 4
between 122.8 128.3; while the June 196deasurements of the ion exchanged sanmypétded

corrected®Puf*'Pu measurements of 11.554. There is very good agreement for the tofo sets

measurements for t&Pu’*%Pu ratio for the purified and unpurified samples (11.5503864
one sigma fopurified and 11.5564 + 0.0022 one sigma formatified).

At a later date, NBS performed additional analyses to characteriZéRbecontent, and also dtee

in-growth recalculated thé*Pu content. This caused slight changes t&ires and*®Pu

abundances. The samples were ion exchanged prior to mass spectrometric analysesfat NBS.

letter dated Aug 23, 1966 stadSRM 948 ¢é recertified RuB38i ncl ude
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present but not previously requested by your office. To miaitita desired tolerances, tha-241
was also redetermined because of uncertainties in théfeaf Pu2 4 1 0 .

Certificate of Analysis for SRM 948 (values valid for July 12, 1966) dated Aug 8966:

SRM 948 238 239 240 241 242
Atom %: 0.011 91.471 7.911 0.628 0.0330
95% CI: 0.002 0.010 0.010 0.002 0.0003

Weight %: 0.011 91.382 7.941 0.633 0.0334

It is clear that bottling and sampling of SRM 948 occurred at NBL, though there is no tla¢e on
packaging and sampling report. The replscribes a bottling operation which occurreNBL,

in which a total of 467 microbottles were filled with 526 mg + 5 mg of Pu(880. Five

samples (1 mg Pu complex) were taken periodically during the bottling process and shiy&d to
for homogeneit testing. After an extensive filling and wiping protocol, the filled, cajqmtes

were placed into a poly heag¢aled sleeve and then removed from the glove box and placed into
red mailing carton which was taped shut with scotch tape. Then eaehplastic bag, each into

2. 50 | onhadbeenpapped, thedther cap then placed on (both caps containingoé piece
plastic foam on the interior). A standard sample label was marked with the lot numbé&aahdd

to the middle of the pipe witbcotch tape. A piece of tape was placed on the pipe oppusite
standard label which was markedfi®s+239; 16 mc, 14 Fed! O0The pipes were placednretal

cans w/ approximately 60 pipes per can and then shipped to NBS. At NBS, each erpipef the
wasd i pped -Stno pioSeariiat BL performed some mass spectrometnieasurements
accompanied by an AfRu ion exchangseparation.

There is no other information regarding the origin of the plutonium, though some assugtions
be made. s likely that the material did not originate from a commercial reactor (aSRINGG

946 and 947) because of the isotopic composition (weagmake) and the fact thegprocessing

of commercial fuels at the West Valley Nuclear Fuel Services plant did notl#dih966. Itis
logical then that the source of the SRM 948 plutonium was either a Hanford or SaRarerah
reactor, of which both sites were producing weapons grade plutonium from 1944 (Hantbrd)
1955 (SavannaRiver).

SRM 946 and947

SRM 946 an®47 originated from requests for highemtaining®%u isotopic standardsore
indicative of commercial power reactors. The production of the materials was perforored as
project, sequentially, and occurred in Richland, Washington. The projectrigaslly overseen

by BattelleNorthwest and later by WADCO (a subsidiary of Westinghouse). These two
companies were the operators of the Hanford Engineering Development Laboratory in Richland
duringthe time of the project (19740197 1timeframe).

Both materials originated in commercial reactor spent fuels, SRM 946 from a reprosassiecn
made from irradiated Yankee Rowe reactor fuel and SRM 947 from a reprocessed swdion
from irradiated Dresden reactoel.

Below is a chronology of the prajepieced together frofdattelleand WADCO status reporésmd
othercommunications.
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FEBRUARY 5. 1968:;

In a letter from AEC to NBS requesting NBS certify plutonium standards of 12% anéf %%
NBS detailed their project priorities and reque&fL fund the project in order to move itdo
higher priority. The AEC was requesting the two new standards betaesgutoniunpresently
being produced in nuclear power reactor fuel has a considerably higher concentriati@4 0f

Dresden: 20% Pu-240

Yankee: 12-13% Pu-240
Andfur t her At he wvalue of the | arge quantighlyi es of
dependent on the isotopic ratildaoiomsulfatel di ti onal |

tetrahydrate will be prepared fropfutonium actually recovered from fuel elemeditcharged
from the Yankee and Dresdene act or s 0.

It is worth nothingthatduringthe 19603 therewasgreatinterestin commerciakeactorconstruction
and operation, and three reprocessing facilities wenrened and built to handle thebsequent
spent fuel. Nuclear Fuel ServisaNest Valley reprocessing plant was the onlyamteally
operated. The other two, @Morris, lllinois reprocessingant and Allied Chemicé Barnwell,
SC site were built buteveroperated.

JANUARY 21, 1969:

From NBS formfiResearch and Technology Resémea pr oposal tésinplatm duce n
SRM 948: APl utonium from use of theaatt¥lankee and
Northwest has submitted a pagal forprocessing the material into a suitable suffate r mo .

JULY 31, 1969:

Same NBS form as entry above, diff ectements dat e:
from the Yankee and Dresden reactoraBattelend appr
Nort hwest 0.

MARCH 2. 1970:
Letter from AEC td\BS:
Refersto thesource®f thematerialsaasii u s inategalfrom the@resdedanddrankedf ue |l s 0 .

Analytical data attached tetter:

Yankee Oxide 86.42% Pu; C=225 ppm; Fe 95 ppm; Ca 20 ppmCAPD,Si,Sn,
Zn=1-12 ppm

all others:Ag, As, B, Be, Bi, Cd, Cu, Ge, K, Li, Mg, Mn, Mo, Na, Ni P, Ti, Tl, Vass
than values ranging from 1 ppinlO0Oppm.

Note: Pu assay not corrected for biasalyzed for chemical assay dfl1-69.

Isotopics (no datgiven):
238 239 240 241 242
0.224 82.606 12.053 4.534 0.533
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Dresden Oxide:86.43% Pu; Ca 50 ppm; Mo 1 ppm; Pb, Si, Sn, Zn = 1 {opb&
All others (same as above) less than values rangingbo0.
Note: Pu assay not corrected for bias. Analyzed for chemical as8ai/1e68.

Isotopics (no datgiven):
238 239 240 241 242
0.347 74.846 18.239 5.399 1.169

MARCH 7. 1970

Status report from Battelle Northwest titedP r e par at i on of BaoopiSul f at e

Standar dso:

AAs you wil/l recal | f r oprepasinghe Pu matope sandardsiase s S

sulfate tetrahydrate from low fired Pu oxide powder. Initially Buonitrate solutions wengsed;

one with a 24@Pu isotopic content of about 12% and theeotof about 18%. Pu frothe
ADresdend and AYankeeo fuels are bebeeng
converted to low fired oxide to permit easier storage for theypasa r 0 .

i ONlarch 3 we started processing the Pu oxide fromatenkeedfuel (~12%**Pu) forthe

preparation of the Pu sulfate tetrahydrate isotopic standards. 189 g of Pu oxide were dissblved

are being processed through ion exchgngédicationo .

MAY 21, 1970
Status report from Battelle Northwest titledP r atjppraof Pu Sulfate Tetrahydrdsstopic
Standardso:

A T h e arationeofpthe plutonium sulfate tetrahydrate crystals, however, hasaot

straightfor wégfNBL)é w@sEcoRiselitied f or adoemece

details in higepor t . 0

[Editorial commentBattellewas experiencing yield problems, only recovering ~50% of tha Pu

the crystallization process. C. Pietri, who helped develop the method and studied the stability

the tetrahydrate form provided assistancBdtielle]

JULY 1, 1970 Work, personnel, and facilities were transferred fidattelleNorthwestto
WADCO.

SEPTEMBER 1.1970:
Statusrepot r om WADCO titl ed i AREFARATICHN ORPEFODRW
SULFATE TETRAHYDRATE ISOTOPIG TANDARDS

A T h e arationeof285 g Pu sulfate tetrahydrate crystals, which appear tossisfactory
quality, was completed for the Pu with t#8Pu content of about 2 %0 .

AProcessing of the H%ucontentoffaboyt 18U tis@xpectechio dmait t h

Septerher. éand is expected told7Zelac.ompl eted
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NOVEMBER 4, 1970:
Status report from WADCO titledPREPARATION OF PLUTONIUMSULFATE
TETRAHYDRATE ISOTOPICSTANDARDSO

A T hoa-exchangeurificationof a169grambatchof Mresdedplutonium(~18 wt% Pu-240)has
beencompleted The nitrate solution from the purification step has been converteddaoltate
form required to prepare the crystalline plutonium sulfate tetrahydrate pcba@usti r e d 0 .

APrel i minary ass ay sampletaken fromatledirstdaich @-12%0Rd0wfa t e

Pu sulfate tetrahydrate salt prepared. The results are tabulated in the attached tablethendicate
materi al is of satisfactory quality éthe rathe
true stoichiometric proportionsigr at i f yi ngo.

Data from Nov 4, 1970 Status Report on SRM 946 base material as sulfsggahydrate:

SRM 946 Samplel Sample?2 Theoretical
Pu Wt%: 47.33 47.18 47.524
Sulfate Wt%: 38.2 36.9* 38.162
Water Wt%: 14.223 14.194 14.314

*This value is low due to losses occurring while performing the unfamiliar analysis whidonas
in a hot cell using remotmanipulators.

Isotopic values from Nov 4, 1970 StatuReport

SRM 946 238 239 240 241 242
Atom %: 0.242 82.73 12.08 4.36 0.581
95% CI: 0.004 0.07 0.06 0.02 0.006

Single aliquant aftgpurification.

JANUARY 6, 1971

Status report fromVADCO:

A T prepof 314 g of Pusulfatetetrahydraterystalsfrom thepurified @resdedPu (18 wt% Pu
240) was completed in Decembg&r9 7 0 0O .

JUNE 4,1971

Status report fromVADCO:

APackaging of 496 individual |l ots of @&Aprl. SRM 94
€480 | ots were shipped to NBvwrecetainedlbefer 6, 197 1.
additional work on the chemicahd isotopic assay of thhea t er i al 0.

AAfter meticulously thorough decoéfpmewiabusn o
mat er i al ]| éerydfaBBr d pa rsedbrf € s thané é r | aphckages duging tHast
week ofMayo.
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NBS SRM 946 Provisional Certificate (values valid as of Oct 19, 1971) dated Ded 371.:

SRM 946 238 239 240 241 242

Atom %: 0.247 83.128 12.069 3.991 0.565

95% CI: 0.007 0.015 0.015 0.005 0.003
Weight %: 0.246 83.052 12.109 4.021 0.572

NBS SRM 947 Provisional Certificate (values valid as of Oct 13, 1971) dated Ded 371

SRM 947 238 239 240 241 242

Atom %: 0.296 75.696 18.288 4.540 1.180

95% CI: 0.006 0.022 0.022 0.006 0.004
Weight %: 0.294 75.600 18.341 4572 1.193

Am-241 Content and Dating SRM 946 an®47

| t cfear that the SRM 946 bulk material was purified by ion exchange sometime between March

and April 1970 and the SRM 947 bulk material was ion exchanged between September and
November 1970. The effectiveness of the removal of Am from the Pu by the tezisitpt clear

as there is no indication that Am measurements were performed on any of the materials either
before and/or after the purification process. Additionally, while its clear the reprocessing of the
spent fuel took place sometime after 1965 nttagerial was then converted to oxide, then dissolved
as sulfate, and then crystallized to form the final sulfate tetrahydrate; there is abkmawing

the Am content throughout tipeocess.

The original Yankee and Dresden spent fuel would have undergpnocessing via the PUREX

process in use at the Nuclear Fuel Services West Valley facility sometime between 1966 and late

1969. The two reactors which were the source of the plutonium weimteoin 1960.

Therefore, the plutonium in SRM 946 and 94taiely originated after 1960. There is no doubt

that a large portion of Am would have been removed in the ion exchange process. There is
reasonably strong analytical evidence in the literature that the separation of Am from the product
Pu was at least neguantitative and that only traces of Am remained after the 1970 ion exchange

purifications.

For example:

1. AAge
mas s

238.

det er mi

spectrometeryo;

nat.i

on

of

W

ut oni
| e néemu(2000) 3d6:23May er |,

um materi al

The authors determined the ages of SRMs 946 and 947 in late 19971898idsing 4
different chronometer$¥Puf*U; 2Puf*U; #Puf®U and finally**Pu’*Am) using

both gamma and mass spectrometric measuremengenkeoalize, all age measurements
via gamma and TIMS agreed to within about 6 months for each material. For SRM 946
the average determined age was about 27.5 years, and for SRM 947 the average
determined age was about 27.0 years. This would place thef dase murification at

right around 1970, which agrees very well with the documentary evidence.
Furthermore, in this paper the authors note that
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A T F*%uP*Am ratio gave mostly slightly higher ages compared to the Pu/U
parentdaughter ratios. A possible explanation can be that the initial Am
separation was not completely successful and traces of it were left in the NBS
material after reprocessing. Gamma spuetry measurements supported this
theory, because also a small amourf&m was found, which is not generated
from decay of Pu isotopeso.

2. A T lKegedof plutoniump a r t iWallemius,M gtal; Radiochim Acta89,55-58
(2001).

3. Letter to U. [.Narayanan (NBL) from L. Preston (NBL) of November 5, 1991.
AH. W. Kirby and W.E. Sheehan, Mound Lab, a
americium ingrowth using alpha spec over a period of 5 %2 years. They calanlated
effective purification date of Sept 26, 7A®for this material. In the report of this work,
they cite C. Leaf of NIST who indicated a

So while there was likely some amount8fm remaining in the SR¥! after ion exchange
purification in 1970, it clearlyvas not a significant amount and would likely be properly
characterized as@t r amownd
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Appendix 1
Source of SRM 946 and 947 Material

The following is excerpted from a February 1996 DOE Reportenfittd ut oni um RecovVve
Fuel Reprocessing by Nuclear Fuel Services at

It is available courtesy of the Office of Scientific and Technical Information (OSTI) website, is publically
available, and may be found at:

https://www.osti.gov/opennet/document/purecov/nfsrepo.htmi

Reprocessing by Nuclear Fuel Services of Yankee and Dresden Fuels

This report provides a detailed accounting of the separated plutoeaemed by the U.S. Atomic Energy
Commission (AEC), a predecessor to the Department of Energy (DOE), from Nuclear Fuel Services
(NFS), which operated a commercial spent fuel reprocessing facility located near West Valley, New Yo
35 miles south of Buffa. The NFS facility was the first and only private plant in the U.S. to reprocess
spent nuclear fuel. NFS began receiving spent nuclear fuel at West Valley in 1965, and operated the
facility from 1966 to 1972 to chemically separate and recover plutormgnui@nium from the fuel.

In total, the plant recovered 1926 kilograms (kg) of plutonium and shipped almost 80% of the material
(1530 kg) to the AEC. The remaining plutonium, 396 kg, either was retained by the utility companies,
sold to industry by the iities, or purchased by NFS and laters@d to industry for use in plutonium
recycle operations.

Of the 1530 kg of separated plutonium received by the AEC from the NFS West Valley facility, 635 kg
originated from fuel or reactors that were AB@ned ad 895 kg came fromommercial powerreactor

fuel. The AEC purchased the 895 kg of commercial pewactor plutonium from the utility companies
under a program named the Plutonium Credit Activity which was established by the U.S. Congress in tf
Atomic Erergy Act 0f1954.

* Of the 635 kg of AE@rigin plutonium, most came from-Reactor, a plutonium production
reactor at the Hanford site near Richland, Washington. Specifically, 5¥4pkgtonium came from
N-Reactor, 95 kg from the Nuclear Fu8lervices facility in Erwin, Tennessee, and 6 kg from the
Bonus Reactor, an AEGwned demonstration reactor in Pudrico.

« Of the 895 kg of separated plutonium purchased by the AEC from the adifityanies, 436 kg
was from Yankee Atomic Electric @gany (Yankee Rowe), 285 kg from Commonwealth Edison
Company (Dresdef), 63 kg from Consumers Power Company (Big Rock Point), 7 kg from
Northern States Power Company (Pathfinder), and 104 kg from Consolidated Edison Company
(IndianPoint1).

All of the AEC-owned andpurchased plutonium was shipped as plutonium nitrate solution from NFS to
the Hanford site. These shipments were made by commercial truck in accordance with
applicable transportation regulations. Most of the plutonium received by the ABON#FS® was used in
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breeder reactor and zepower reactor programs. To meet the isotopic and physical requirements for the:
programs, the NFS plutonium was blended with other plutonium and converted to either metal or oxide.

The purpose of this reporttis provide a detailed account of the separated plutonium received by the AEC
from NFS, a commercial spent fuel reprocessing facility located near West Valley, New York, 35 miles
south of Buffalo. This document is part of a larger effort to respond tcettret8ry of Energy's June 27,
1994, announced goal to declassify and release detailed plutonium information (See the DOE report,
Plutonium: the First 50 Years, February 1996). This report is the first comprehensive look at NFS West
Valley reprocessing opations and is the result of an exhaustive search of open literature, historical
memoranda, and nuclear material accountability records.

It is available courtesy of the Office of Scientific and Technical Information (OSTI) website, is publically
availabk, and may be found at:

https://www.osti.gov/opennet/serviets/purl/219368/219368.pdf

The NFS West Valley facility was the first and only private plant in the U.S. to reproeggssplear fuel.
The NFS facility was a PUREX (Plutonium Uranium Extraction) process plant with a design capacity of
tons of fuel per year. The PUREX process included storing spent fuel assemblies; chopping the assemt
rods; dissolving the uraniumlytonium, and radioactive products in acid; separating and storing the
radioactive wastes, and separating uranium nitrate from plutonium nitrate. Two other commercial
reprocessing facilities were built in the United States, but never operated.

1 The GeneraElectric's Midwest Fuel Recovery Plant (also 300 tons per year) at Morris, lllinois,
adjacent to the site of the Commonwealth Edison Company Dresden reactors, was completed at
cost of $64 million but was declared inoperable in 1974.

T In 1970, Allied Geeral Nuclear Services (AGNS) began construction of a 1500 tons per year
reprocessing plant at Barnwell, South Carolina, adjacent to the DOE Savannah River site. The
Barnwell facility was due to begin operation in 1974, but following delays in constrattn
licensing, it still had not been completed or licensed when in 1977 President Carter decided to dt
indefinitely all reprocessing of commercial irradiated fuel.

In the spring of 1963, the AEC issued the necessary permits to NFS, a subsidiahy/dR® tii&race

Company (NFS was acquired by the Getty Oil Company in 1969), to begin construction of a fuel
reprocessing facility. NFS was granted a license on May 27, 1965 to receive and store fuel at its
reprocessing facility in West Valley. The first shipmef fuel, from the Yankee Rowe reactor in
Massachusetts, was placed in the fuel storage pool at West Valley on June 5, 1965. Government and
commerciallygenerated fuel continued to be received at NFS until 1973. There were a total of 756 truck
and rail fipments.

The AEC encouraged NFS to focus on commercial fuel reprocessing; however, the AEC guaranteed a

minimum quantity of government fuel to NFS in the absence of sufficient commercial supplies. Sufficier
commercial supplies were not available becdhsee were not many operating commercial reactors during
the NFS reprocessing period of 1966 to 1972. As a result, approximately 60% of the facility's supply of

fuel and 33% of the plutonium came from AEC reactors. Specifically, a majority of this caméHr

Reactor.
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In 1972, NFS (now owned by the Getty Oil Company) halted all reprocessing operations in order to
increase reprocessing capacity, and to alter the facility to meet new regulatory requirements. However,
subsequent difficulties weencountered in retrofitting the facility to meet these requirements and, after
four years of fruitless negotiations with federal and state regulatory authorities, NFS announced its intet
to cease reprocessing operations and transfer the managemkmigetetim storage of approximately
600,000 gallons of higkevel radioactive liquids and sludges at the West Valley Site to the site's landlord,
the New York State Energy Research and Development Authority. This transfer was in accordance witt
contractuabbligations.

There were a total of 27 processing campaigns performed at West Valley, however, only the first 26
campaigns reprocessed intact reactor fuel. The last campaign involved processing liquid residues recei
from Nuclear Fuels Services facility Erwin, Tennessee, generated during the fabrication of fuel for the
SEFOR reactor. The material reprocessed by NFS was both government and comrgercgaiiyed. The
guantities of "Plutonium Received" below were based on shipper's data, i.e., thieca&tidations of
plutonium produced in the reactors.

The AEGowned plutonium came from the following:

» The Hanford N Reactor, a production reactor formerly called the New Production
Reactor, is located near Richland, Washington, about 150 soilgkeast of Seattl€his
reactor is owned and was operated by the AERddctor was designed as a dual
purpose reactor for the production of plutonium and the production-pfdajuct steam
for electricity generatiorit was a graphitenoderated, pressized light watercooled
reactor. NReactor operated from 19631687.
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The Bonus Reactor, a demonstration boiling water reactor, was located at Ricon, about
75 miles west of San Juan, Puerto Rico. This reactor featuredemgleratue,

superheated steam and was owned by the AEC but operated by the Puerto Rico Water
Resources Authority. The Bonus reactor began operation in 1964 and was permanently
shut down in 1968.

The remainder of the material came from the Nuclear Faetgices facility in

Erwin, Tennessee, and was in the form of liquid residues generated during the
fabrication of reactor fuel for the Southwest Experimental Fast Oxide Reactor
(SEFOR), an experimental reactor, located near Strickler, Arkansas. SEFOR was
built by the Southwest Atomic Energy Associates for testing liquid metal fast
breeder reactduel. SEFOR began operations in 1969 and was permanently shut
down in1972.

The remaining fuel came from seven commercial nuclear power reactors that were o@vned a
operated by commercial utility companies.

The Big Rock Point Nuclear Power Plant. This boiling water reactor, ownezpanated
by Consumers Power Company, is located on Lake Michigan near Charlevoix, Michigan,
about 200 miles northwest Dletroit. Big Rock Point has operated sid&63.

CVTR, CarolinasVirginia Tube Reactor. This pressurized heavy water tube reactor,
owned and operated by Carolindsginia Nuclear Power Associates was located in
Parr, South Carolina, about 25 milesthwest of Columbia. This reactor began
operation in 1964 and was permanently shut dowir96v.

Dresden Nuclear Power Station, Unit #1. This boiling water reactor, owned and
operated by Commonwealth Edison Company, was located near Nbnass, about
50 miles southwest of Chicago. Dresdienommenced operation in 1960 and was
permanently shut down in 1978.

Humboldt Bay Nuclear Plant. This boiling water reactor, owned and operated by the
Pacific Gas and Electric Company, wasated on Humboldt Bay near Eureka,
California, about 200 miles north of San Francisco. This plant commenced operation
in 1963 and was permanently shut dowA976.

Indian Point Nuclear Power Station, Unit #1. This pressurized water reactor, owned
and operated by the Consolidated Edison Company, was located on the Hudson River
at Buchanan, New York, about 35 miles north of New York City. Indian Point began
operation in 1962 and was permanently shut dowi®i.

Pathfinder Nuclear Power Plaifihis experimental, boiling water reactor, owned

and operated by the Northern States Power Company, was located on the Big Sioux
River, near Sioux Falls, South Dakota. Pathfinder began operations in 1964 and was
permanently shut down it967.

YankeeAtomic Electric Power Station. This pressurized water reactor, owned and
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operated by the Yankee Atomic Electric Company, was located near Rowe,
Massachusetts, about 45 miles east of Albany, New York. This reactor began operation
in 1960 and was permanensigut down infl992.
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CERTIFICATES

U. S. Department of Commerce
Malcolm Baldrige
Secretary

L% w
National Buresu of Stundurds
Ernest Ambler, Director

National Burean of Jtandards

Aertificate of Analysis

Standard Reference Material 946

Plutonium Isotopic Standard

This Standard Reference Material (SRM) is certified as an isotopic standard for use in isotopic measurements of

plutonium. SRM 946 consists of approximately 250 mg of plutonium in the form of plutonium sulfate tetrahydrate
packaged in a glass microbottle.

238Pu 239Pu 240Pu 241Pu 242Pu
Atom Percent* 0.232 84.464 12.253 2.477 0.574
+0.007 +0.015 +0.015 +0.005 +0.003

*As of January 1, 1982, refer to Table 1 for quarterly decay-adjusted values.

The plutonium isotopic distribution was determined by thermal ionization mass spectrometry at the National Bureau of
Standards (NBS) on samples from which the americium and uranium were removed. Because high-purity plutonium
isotopes have not been used to prepare known synthetic mixtures, the accuracy is dependent on uranium and plutonium
exhibiting similar behavior. The observed mass spectrometer data were corrected for mass discrimination effects using
data from the analysis of uranium isotopic SRM’s that had been analyzed under similar conditions.

SRM 946 contains uranium and americium isotopes, including growing-in daughters of plutonium that are isobaric with
the plutonium isotopes. In addition, there may be radiation damage to the glass bottle and the teflon cap liner resulting in
small glass slivers. Therefore, in its use, a chemical separation that provides a purified plutonium fraction is essential to
the attainment of high accuracy.

Measurements leading to the certification of this SRM were made in the Inorganic Analytical Research Division by
E.L. Garner and L.A. Machlan.

The technical and support aspects involved in the revision of this Certificate were coordinated through the Office of
Standard Reference Materials by T.E. Gills.

August 19, 1982 George A. Uriano, Chief
Washington, D.C. 20234 Office of Standard Reference Materials
(Revision of Certificate

dated 12-3-71) (over)
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The decay-adjusted values for the plutonium isotopic composmon in atom gercent are tgbulated belox inTable 1. The
half life values, in years, used for the decay-adjustment are: 2l Pu, 87.74; “""Pu, 24,119; & Pu, 6,560; Pu, 14.34; and

“2pu, 387,000.
Table 1
Decay-Adjusted Plutonium Isotopic Composition
Atom Percent
Date 285 2395, 2405 2lp, 22,
January 1, 1982 0.232 84.464 12.253 2.477 0.574
April 1, 1982 .231 84.490 12.257 2.448 574
July 1, 1982 .231 84.515 12.260 2.419 © 575
October 1, 1982 .230 84.540 12.264 2.391 575
January 1, 1983 .230 84.565 12.267 2.363 575
April 1, 1983 .230 84.590 12.270 2.335 575
July 1, 1983 .229 84.614 12.274 2.308 575
October 1, 1983 .229 84.638 12.277 2.281 575
January 1, 1984 229 84.662 12.280 2.253 .576
April 1, 1984 .228 84.685 12.283 2.227 .576
July 1, 1984 .228 84.709 12.286 2.201 .576
October 1, 1984 227 84.732 12.290 2.175 .576
January 1, 1985 .227 84.755 12.293 2.149 .576
April 1, 1985 227 84.777 12.296 2.125 .576
July 1, 1985 .226 84.799 12.299 2.100 577
October 1, 1985 .226 84.821 12.302 2.075 577
January 1, 1986 .225 84.843 12.305 2.050 577
April 1, 1986 225 84.864 12.307 2.026 577
July 1, 1986 .225 84.885 12.310 2.003 577
October 1, 1986 224 84.906 12.313 1.979 577
95% Confidence Limit: +0.007 +0.015 +0.015 0.005 +0.003
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U. S. Department of Commerce
Malcolm Baldrige
‘Secretary

S -
National Bureau of Standards
Ernest ‘Ambler. Director

National Burean of Standards

Uertificate of Analysis

Standard Reference Material 947
Plutonium Isotopic: Standard

This Standard Reference Material (SRM) is certified as an isotopic standard for use in isotopic measurements of

plutonium. SRM 947 consists of approximately 250 mg of plutonium in the form of plutonium sulfate tetrahydrate
packaged in a glass microbottle.

285 239p, 240p, 21p, 242p,
Atom Percent* 0.278 71.089 18.610 2.821 1.202
+0.006 +0.022 +0.022 +0.006 +0.004

*As of January 1, 1982, refer to Table 1 for quarterly decay-adjusted values.

The plutonium isotopic distribution was determined by thermal ionization mass spectrometry at the National Bureau of
Standards (NBS) on samples from which americium and uranium were removed. Because high-purity plutonium
isotopes have not been used to prepare known synthetic mixtures, the accuracy is dependent on uranium and plutonium
exhibiting similar behavior. The observed mass spectrometer data were corrected for mass discrimination effects using
data from the analysis of uranium isotopic SRM’s that had been analyzed under similar conditions.

SRM 947 contains uranium and americium isotopes, including growing-in daughters of plutonium that are isobaric with
the plutonium isotopes. In addition, there may be radiation damage to the glass bottle and the teflon cap liner resulting in
small glass slivers. Therefore, in its use, a chemical separation that provides a purified plutonium fraction is essential to
the attainment of high accuracy.

Measurements leading to the certification of this SRM were made in the Inorganic Analytical Research Division by
E.L. Garner and L.A. Machlan.

The technical and support aspects involved in the revision of this Certificate were coordinated through the Office of
Standard Reference Materials by T.E. Gills.

August 19, 1982 George A. Uriano, Chief
Washington, D.C. 20234 Office of Standard Reference Materials
(Revision of Certificate

dated 12-3-71) (over)
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The decay-adjusted values for the plutonium isotopic composition, in atom Eercent, are tabulated below in Table 1. The

g‘?}f—life values, in years, used for the decay-adjustment are: 23%Pu, 87.74; 2 Pu, 24,119, 240Pl.t, 6,560; 24]Pu, 14,34; and

Pu, 387,000.
Table 1
Decay-Adjusted Plutonium Isotopic Composition
Atom Percent
Date o %py 20py Mlpy py
January 1, 1982 0.278 77.089 18.610 2.821 1.202
April 1, 1982 278 77.115 18.616 2.789 1.202
July I, 1982 277 77.142 18.622 2.756 1.203
October 1, 1982 277 77.168 18.628 2.724 1.203
January 1, 1983 276 77.194 18.634 2.692 1.204
April 1, 1983 276 77.219 18.640 2.661 1.204
July 1, 1983 275 77.245 18.645 2.630 1.205
October 1, 1983 275 77.270 18.651 2.599 1.205
January 1, 1984 275 77.295 18.657 2.568 1.205
April 1, 1984 274 77.319 18.662 2.538 1.206
July 1, 1984 274 77.344 18.668 2.509 1.206
October 1, 1984 273 77.368 18.673 2479 1.206
January 1, [985 273 77.392 18.679 2.450 1.207
April 1, 1985 272 77.415 18.684 2.422 1.207
July 1, 1985 272 77.438 18.689 2.393 1.208
October 1, 1985 271 77.461 18.694 2.365 1.208
January 1, 1986 271 77.484 18.700 2.337 1.208
April 1, 1986 270 77.506 18.704 2.310 1.209
July 1, 1986 270 77.528 18.709 2.283 1.209
October 1, 1986 .270 77.550 18.714 2.256 1.209
95% Confidence Limit: +0.006 +0.022 +0.022 +0.006 +0.004
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